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ABSTRACT 

Biomass gasification is one of the promising technologies to produce energy from the renewable energy 
sources, and the downdraft biomass gasifier is a widely used biomass energy conversion device. Among the 
various components of a gasifier, the position and the inclination of air nozzle have a vital role in the generation 
of producer gas. Therefore, a proper design is needed to fix the position and angle of the air nozzle. Keeping 
the above aspects, the present work focuses on the numerical simulation to predict the appropriate position and 
inclination of the air nozzle in a 50kWth imbert type downdraft gasifier by the species transport approach. The 
nozzle inclination varies from 0°, 20°, 30°, 45° and 60°, and the nozzle position is considered from 50mm, 
100mm, 150mm and 200mm respectively.  Experiments were also conducted to validate the numerical study. 
Both the studies show that the nozzle inclination at 45° and its position at 100mm above the reduction zone 
gives a reasonable composition of producer gas. 
 
Keywords: simulation; air nozzle; gasifier; rubber seed kernel shell; higher heating value; CFD. 

NOMENCLATURE 

CFD computational fluid dynamics 
E activation energy  
hj enthalpy of species j  
HHV Higher Heating Value 
I species i 
Nm3 normal cubic metre  
p partial pressure of gas species  
P product of the reaction 
R reactant of the reaction 
R ideal gas constant  
R(i,r) homogeneous reaction rate  

RNG renormalize group 
Sm mass added to the phase  
X species of the reaction 

 
ρ density  
τ= stress tensor  
λeff effective conductivity 
ε turbulent dissipation rate  
μ dynamic viscosity  
Φ equivalence ratio

1. INTRODUCTION 

As we move towards finding an alternative solution 
for global warming, climate change and depletion of 
fossil fuels, biomass is the most promising renewable 
energy source to tackle the challenges. Also, the 
intensifying energy cost and environmental impacts 
of various energy conversion technologies lead to 
biomass gasification as an important area of 
research. Many mathematical and experimental 
studies were already conducted on the biomass 
gasification technology. Avdhseh Kr. Sharma 
(2011a) proposed a mathematical model for 
downdraft gasifier using EQB model and predicted 
that the reaction temperature in the reaction zone 

influences the quality of combustible gases. High 
temperature and pressure are the important factors 
that cause the pressure drop inside the gasifier. Babu 
and Pratik (2006) studied that the reduction zone of 
downdraft gasifier is simulated by incorporating the 
char reactivity factor and noted that the rate of 
reaction becomes negative when the temperature 
falls below 933K. A dynamic response simulation is 
modelled by Zhiwei et al. (2011) for a slagging 
entrained flow gasifier and they predicted that the 
temperature distribution is well suited for membrane 
wall gasifier.  

Zainal et al. (2001) developed an equilibrium 
model to predict the performance of downdraft 
gasifier and calculated the calorific value against 
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the moisture content from the ultimate analysis of 
the feedstock. Avdhesh Kr Sharma (2008b) 
developed an equilibrium model for the reduction 
zone and discussed the operating parameters of the 
gasifier such as moisture content, pressure, 
equivalence ratio and producer gas composition. 
The temperature distribution of the updraft gasifier 
with babul wood as feedstock has been simulated 
by Bin Li et al. (2013), and the height of 
gasification zones was calculated. Laurence et al. 
(2012) used gas treatment unit to filter the 
unwanted impurities (particulate matter, tar and 
some other impurities) present in the syngas gas 
generated by the gasification process, which is 
further used in IC engines.  

Luc et al. (2008) investigated the oxidation zone of 
the gasifier and showed that the air injector design 
and air velocity are the fundamental parameters to 
control the gasification. A one-dimensional steady 
state model proposed by Chih et al. (2008) predicts 
the conversion rate from the fuel moisture content 
and air/fuel ratio. It is also observed that the fuel 
moisture content will decrease the fuel conversion 
rate. The model proposed by Yang et al. (2005) 
shows that the stoichiometric air ratio increases 
with the particle size of the biomass. The updraft 
gasifier using high-temperature agent gasification 
with preheated air at 900°C was investigated by 
Duleeka et al. (2014), and showed that the cold gas 
efficiency and quality of producer gas are 
influenced by the equivalence ratio. The pyrolysis 
zone of a gasifier was modelled by Jaojaruek and 
Kumar (2009) using the lumped heat analysis 
method, and the model used chemical kinetics to 
predict the gas composition when the combustion 
attains pyrolysis temperature.  

The co-gasification process was modelled by Zhao et 
al. (2006) using ASPEN plus with a sensitivity 
analysis approach. The results show that the oxygen 
has a vital role on the syngas composition. By 
maintaining the appropriate O2/fuel ratio, maximum 
values of the producer gas could be obtained.  Carlos 
et al. (2003) developed an equilibrium model to 
investigate the gasification of saw dust and found 
that the model is more suitable for the temperature 
above 1500K. Maria et al. (2010) reviewed the 
various gasification models and reported that the 
composition of producer gas depends on the fuel 
composition, operating pressure, temperature, 
moisture content and the gasifier design. The study 
also shows that the equilibrium models are less 
intensive than kinetic models in terms of accuracy in 
the results. Christus et al. (2014a) developed a two-
zone kinetic equilibrium for the feedstock such as 
coir pith, rubber seed kernel shell, wood and coconut 
shell. It is found out that the rubber seed kernel shell 
can be used a fuel when other feedstock are in 
scarcity. Christus et al. (2016) studied the 
performance of the downdraft gasifier with blends of 
coconut shell and rubber seed kernel shell and 
predicted that the equivalence ratio should be 
maintained between 0.2-0.3 for obtaining maximum 
conversion efficiency. 

The numerical studies of Fletcher et al. (1997), 
using Reynolds stress and k- ε models in CFX 4.0, 

for studying the coal particle behaviour in an 
entrained flow gasifier suggests that the effect of 
gasifier height could be optimized. The mixture 
fraction model has been effectively used to study 
the gasification of lignite for three nozzle positions 
(Keran et al. 2013). A CFD model (Fletcher et al. 
2000) in CFX 4.0 package used to predict the 
performance of entrained flow gasifier shows that 
the gasification reactions are not sensitive to the 
velocity field around the particles. The two-stage 
up-flow and single stage down flow gasifiers were 
modelled using DPM (Andrew et al. (2010)) to 
predict the temperature, species concentration and 
the particle trajectories of the entrained flow 
gasifier.  

The design of biomass thermochemical conversion 
systems are reviewed by Yiqun and Lifeng (2008), 
and they illustrate that CFD is a very powerful tool 
for analysing the gasifier and predicting the 
temperature and flow distribution of gasification 
products. A CFD model is developed to optimize the 
combustion chamber of the solid baled biomass. Two 
different combustion chambers were analysed by 
distinguishing the air supply in the primary air 
nozzles. Martin et al. (2006) model can be used for 
selecting the proper steel grade for the shell to 
prevent slagging and temperature corrosion. The 
influence of throat angle on the performance of 
gasifier was studied (Jayah et al. 2003) and it was 
found that the conversion efficiency decreased as the 
throat angle increased. However, a smaller throat 
angle needs a longer gasification length for giving 
maximum efficiency. It is noted that the gasification 
zone and nozzle inclination are the important 
parameters to design a gasifier. Sivakumar et al. 
(2008) showed that for getting better species 
composition, the choke plate designs should be at an 
angle of 10°- 25°.  

Cleition et al. (2009) developed a kinetic model by 
one-step devolatilization and apparent oxidation 
kinetics with leather waste using CFX 11.0 and 
showed that the maximum temperature was obtained 
when homogeneous combustion reactions began. 
Murugan et al. (2016) studied the dimensional 
suitability of gasifier with different feedstocks such 
as rice husk, rubber wood, rubber seed kernel shell 
and coconut shell using the CFD and found out that 
the species transport model is well suited to predict 
the composition of producer gas in a downdraft 
biomass gasifier. The CFD modelling was also used 
to study the gasification of fluidized bed combustion 
in a gasifier (Ravi et al. (2013)).  

From the literature it is observed that the CFD can 
be a powerful tool to design and analyse the 
thermo-chemical gasification process. However, 
the application of CFD in the design and selection 
of geometrical parameters of downdraft gasifier is 
not intensively used in the literature. Hence 
keeping the above aspects, the present work 
focuses on the simulation of 50kWth biomass 
gasifier with different air nozzle inclination and 
position by the species transport approach. The 
predicted results were checked with a few 
experimental observations, and the validity of the 
approach is confirmed. 
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2. MODEL DESCRIPTION 

The schematic diagram of the imbert type biomass 
downdraft gasifier is shown in Fig. 1. The biomass 
inlet and gas outlet are having the diameter of 
480mm and 430mm respectively. The total height of 
the gasifier is 2040 mm and the lengths of drying and 
pyrolysis, combustion and reduction zones are 
considered as 950mm, 450mm and 480mm 
respectively. 

. 

 
Fig. 1. Description of the downdraft biomass 

gasifier used in the numerical simulation. 
 

The air nozzle inlet with an inclination of 0°, 20°, 
30°, 45° and 60° is designed and the height of the 
nozzle position is varied at 50mm,100mm, 150mm 
and 200mm above the reduction zone. The outlet of 
the air nozzle is alone shown in the two-dimensional 
model of the gasifier. 

3. NUMERICAL MODELLING 

The two-dimensional model of the biomass 
downdraft gasifier was drawn in design-modeller 
and the analysis has been carried out in FLUENT. 
The detailed numerical modelling procedure is 
shown in Fig. 2. The governing equations used in this 
simulation are given in Table 1. The basic 
assumptions such as homogeneous property, no loss 
of heat across the wall and chemical reactions are 
faster than turbulent eddies have been considered to 
reduce the complexity. Due to the accuracy over the 
turbulent flows, the RNG k- ε model is used due to 
higher and lower grade Reynolds number present in 
this simulation. The homogeneous and 
heterogeneous reactions in a gasifier are modelled by 
linking all the four zones so that the output of the first 
will be the input for the following zone. The 
gasification reactions involved in this simulation are 
listed in Table 2. In the eddy dissipation model, the 
turbulence mixing concept of the species is followed. 
The SIMPLE algorithm is used to contribute the 
stable solution of the 2D domain with 2, 93,000 
nodes. The species concentration of producer gas is 
calculated by the eddy dissipation model. 

Table 1 Governing equations used in this 
simulation 

Description 
Eq 
No 

Ref. 

Equation of Mass ∇.(ρ⃗ݒ) = S୫ (1) 
Luc et al 
(2008) 

Equation of Momentum  ∇. P+∇. (߬)ന∇- = ( ݒ⃗ݒ⃗ߩ) + ⃗݃ߩ +  ܨ⃗
(2) 

Luc et al 
(2008) 

Equation of Energy  ∇. ܧߩ)ݒ) ((݌+ =  ∇. ܶ∇௘௙௙ߣ) − ∑ ℎ݆݆ܬ +( ߬⃗௘௙௙.⃗ݒ)) + S୦ 
(3) 

Luc et al 
(2008) 

The turbulence model of the 
reaction in this work is k-ε RNG 
model, Cଵக = 1.44, Cଶக = 1.92, ௠ܻ = 0.09,ܵ௞ = 1.0, ܵ௘ = 1 

(4) 
Orzag et al 

(1993) డడ௫௜  = (௜ݑ݇ߩ)
డడ௫௝ ൤ቀߤ + ఓఙೖቁ డ௞డ௫ೕ൨ ௞ܩ+ + ௕ܩ − ߝߩ − ௠ܻ + ܵ௞  

The species transport model reaction is noted as ߲߲ݐ ߩ) ௫ܻ) + ݒ⃗ߩ)∇ ௫ܻ)= −∇. +௫ሬሬሬ⃗ܬ ܴ௫ 

(5) 
Magnussen 

et al 
(1976) ܴ௜,௥= ௜,௥ᇱݒ ߩܣ௜,௥ܯ ߝ݇ ݉݅݊ோ ቆ ௥ܻݒோ,௥ᇱ , ௪,௝ܯ (6) 

Magnussen 
et al 

(1976) ܴ௜,௥= ௜,௥ᇱݒ ߩܤ௜,௥ܯ ߝ݇ ቆ ∑ ௣ܻ௣∑ ௝,௥ᇱᇱݒ ௪,௝ே௝ܯ ቇ 

A= an empirical constant equal 
to 4.0, 

B = an empirical constant equal 
to 0.5 

(7) 
Magnussen 

et al 
(1976) 

 

 
Fig. 2. Flowchart of the numerical simulation. 
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Table 2 Homogeneous and heterogeneous reactions for gasification 

Sl. No Reactions 
Pre-exponential factor 

(sec-1) 
Activation Energy 

( Jkg mol) 
Ref 

(݈)ଶܱܪ 1 → × 5.3 (ݒ)ଶܱܪ ݁ଵ଴ 88 × ݁଴ଷ Franciso et al. (2008) 

ܥ 2 + ܱଶ → × ଶ 93.5ܱܥ ݁଴ଷ 82.8 × ݁଴ଷ Andrew et al. (2010) 

ܱܥ2 3 + ܱଶ → × ଶ 10ܱܥ2 ݁ଵ଻ 166.28 × ݁଴ଷ Franciso et al. (2008) 

ସܪܥ 4 + 1.5 ܱଶ → ܱܥ + × ଶܱ 92ܪ2 ݁଴ହ 80.23 × ݁଴ଷ Franciso et al. (2008) 

ଶܪ2 5 + ܱଶ → × ଶܱ 10ܪ2 ݁ଵଵ 42 × ݁଴ଷ Franciso et al. (2008) 

ܥ 6 + ଶܱܪ → ܱܥ + × ଶ 14ܪ  ݁଴଻ 179.50 × ݁଴ଷ Andrew et al. (2010) 

ܥ 7 + ଶܱܥ → × 34 ܱܥ2 ݁଴଺ 179.50 × ݁଴ଷ Andrew et al. (2010) 

ܥ 8 + ଶܪ2 → ×ସ 4.189ܪܥ ݁ି଴ଷ 19.21 × ݁଴ଷ Avdhesh Kr Sharma (2008c) 

ସܪܥ 9 + ଶܱܪ → ܱܥ + × ଶ 16.50ܪ3 ݁ଵ଴ 33.90 × ݁଴଻ Luc et al. (2008) 

ܱܥ 10 + ଶܱܪ → ଶܱܥ + × ଶ 28.24ܪ ݁ି଴ଷ 32.840 × ݁଴ଷ Ningbo et al. (2008) 

 

 
 

 

3.1 Species Transport Model 

The species such as C, O2, N2, CO, CO2, H2O, CH4 
and H2 involved in the gasification process are listed 
in Table 2. The chemical reactions are solved by the 
conservation equations linking convection, diffusion 
and reaction of individual species. The general type 
of the transport equation for each species is given as   

∂/∂t(ρYi) + ∇.(ρv ⃗ Yi )=∇.J ⃗+Ri                            (1) 

Ri is the net rate of production of species i by 
gasification reaction. J is the diffusion flux of species 
i which causes concentration gradients. 

Mass diffusion for laminar flows is given as 

J ⃗=-(ρDi,m+μi/Sci )∇Yi                                             (2) 

For turbulent flows, mass diffusion flux is given as 

J ⃗=-ρ Di,m ∇Yi                                                       (3) 

where Di,m   is the mass diffusion coefficient of 
species in the mixture, and Sci is the turbulent 
Schmidt number.  

So, the transport equations for each chemical species 
are பப୲ (ρYC) + ∇(ρvሬ⃗  YC) = −∇. JCሬሬሬ⃗ + RC                (4) பப୲ ൫ρYOమ൯ + ∇൫ρvሬ⃗  YOమ൯ = −∇. JOమሬሬሬሬሬ⃗ + ROమ               (5) பப୲ ൫ρYCOమ൯ + ∇൫ρvሬ⃗  YCOమ൯ = −∇. JCOమሬሬሬሬሬሬሬ⃗ + RCOమ         (6) பப୲ (ρYCO) + ∇(ρvሬ⃗  YCO) = −∇. JCOሬሬሬሬሬ⃗ + RCO               (7) பப୲ ൫ρYNమ൯ + ∇൫ρvሬ⃗  YNమ൯ = −∇. JNమሬሬሬሬሬ⃗ + RNమ                 (8) 

பப୲ ൫ρYHమ൯ + ∇൫ρvሬ⃗  YHమ൯ = −∇. JHమሬሬሬሬሬ⃗ + RHమ                (9) பப୲ ൫ρYCHర൯ + ∇൫ρvሬ⃗  YCHర൯ = −∇. JCHరሬሬሬሬሬሬሬ⃗ + RCHర       (10) பப୲ ൫ρYHమO൯ + ∇൫ρvሬ⃗  YHమO൯ = −∇. JHమOሬሬሬሬሬሬሬሬ⃗ + RHమO    (11) பப୲ ൫ρYHమO(୪)൯ + ∇൫ρvሬ⃗  YHమO(୪)൯ = −∇. JHమO(୪)ሬሬሬሬሬሬሬሬሬሬሬሬ⃗ +                                                              RHమO(୪)            (12) 

3.2 Reaction Rate Model  

The net rate of production or destruction of species i 
as the result of reaction r,R୧,୰, is given by the smaller 
of the two expressions below. R୧,୰ = v୧,୰ᇱ M୧,୰Aρ க୩ minR  ൬ Y౨୴R,౨ᇲ ,M౭,ౠ൰               (13) 

   R୧,୰ = v୧,୰ᇱ M୧,୰Bρ க୩ ൬ ∑ Y౦౦∑ ୴ౠ,౨ᇲᇲ M౭,ౠNౠ ൰                            (14) 

where, Y୮ is the mass fraction of any product species, P Y୰ is the mass fraction of a particular reactant, R 

3.3   Boundary Conditions 

The biomass inlet at the top of the gasifier is defined 
as mass flow inlet. The producer gas leaving the gas 
outlet is defined as pressure outlet. The wall of the 
gasifier is considered as wall boundary with no-slip 
condition. The ultimate and the proximate analyses of 
the feedstock used in this simulation are shown in 
Table 3. It is very difficult to obtain a solution for a 
simulation which deals with combustion oriented eddy 
dissipation model. So, a false time stepping has been 
followed for the turbulence-chemistry interaction. The 
relaxation factor of 0.01 is used for the calculation of 
species concentration of producer gas. 



P. C. Murugan and S. Joseph Sekhar / JAFM, Vol. 10, No. 3, pp. 947-955, 2017.  
 

951 

Table 3 Proximate and Ultimate analysis of 
Rubber seed Kernel Shell from Christus et al. 

(2014b) 

Proximate Analysis (% w.b.) 

VM FC MC Ash 

89.4 6.1 4.3 0.2 

Ultimate Analysis (% w.b.) 

C H O N S 

43.2 6.0 0.55 50.25 0 

 

4. EXPERIMENTAL DESCRIPTION 

The schematic view of the experimental setup used 
in this study is shown in Fig 3. The biomass and the 
generated producer gas move in the downward 
direction. The air required as per the equivalence 
ratio is sent through the air blower, and it is supplied 
to the header. From the header, the air passes through 
the air nozzles inclined at 45°. The air flow was 
measured by the orifice meter. The reduction zone 
was filled with charcoal initially, and the combustion 
was initiated through the air nozzle. The 
temperatures on the different zones of the gasifier are 
measured with calibrated K-type (Chromel-Alumel) 
thermocouples and recorded by the data logger. The 
leakage of the producer gas  
 

 
Fig. 3. Experimental Setup of the downdraft 

biomass gasifier. 

 
is prevented by the water tank available at the bottom 
of the gasifier. A gas chromatograph (NUCON 5765) 
is used to measure the composition of producer gas. 
Gas samples are collected in air tight syringe for 
various operating conditions and analyzed in the gas 
chromatograph with argon as carrier gas. 

4.1   Experimental Procedure 

The gasifier was initially loaded with a known 
quantity of rubber seed kernel shell with a moisture 
content of 10-15%. The water tray of the gasifier was 
filled with water and the biomass feed door was 
closed to prevent the leakage of producer gas. The air 
blower is used to supply air through one of the 

nozzles. Gate valves are used for this purpose. A red-
hot charcoal was inserted through the air nozzle to 
start the combustion process, and the effective 
combustion inside the gasifier starts after 10 minutes. 
The temperature is recorded by data logger with the 
K-type thermocouple. 

The ash and the char residues left out after the 
combustion are passed through the grate once it is 
shaken by the lever. The ash generated in the 
experiments is collected at the bottom of the water 
tray and it is weighed. An online gas analyser 
(Electronic System Tech) is used to compute the 
purity and higher heating value of the gas generated 
from the gasifier. The experiment is carried out for 
the duration of 3hrs and the average values of the 
producer gas composition, temperature distribution, 
and higher heating value of the gas are noted. Mass 
balance of the gasifier was noted to explore the 
consistency of the results produced. The air flow rate 
and biomass consumption rate are considered as 
input, and the producer gas generated and the ash 
collected are taken as output. The mass balance for 
the rubber seed kernel shell as feedstock is given in 
Table 4.  

 

Table 4 Mass balance for the rubber seed kernel 
shell as feedstock 

Run 

N
oz
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e 
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) 

A
ir

 f
lo

w
 r

at
e 

(m
3 /
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 Input Output 

M
as

s 
B

al
an

ce
 (

%
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h)
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io

n 
ra

te
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kg
/h
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P
ro
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ce

r 
ga

s 
fl

ow
 r

at
e 

(k
g/

h)
 

C
ha

r 
C

ol
le

ct
ed

 (
kg

/h
) 

1. 20 14 16 8 22 1.5 93 

2. 45 14 16 9 24 2.2 95 
 

5. RESULT AND DISCUSSION 

From the post-processing facility of the software, 
the species concentration of producer gas along the 
various zone has been taken by collecting the data 
from all the points on the tracking line as shown in 
Fig 1. The species concentrations and higher 
heating value of the selected cells are imported to 
Excel software and further used to analyze the 
performance of the gasifier. The analysis has been 
carried out for different air nozzle inclination and 
position of the air nozzle above the reduction zone 
with rubber seed kernel as feedstock and 

equivalence ratio as 0.25. 

5.1   Validation of the Numerical Model 

The composition of combustible gases such as CO, 
H2 and CH4 of the producer gas reported in the 
previous studies has been compared with the 
numerical results of the present study and is given in 
Table 5. In the referred studies, woody biomasses are 
used with moisture content and equivalence ratio 
close to the present study. 
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Table 5 Validation of the numerical work with 
literature results 

S
l. 

N
o.

 

References 

T
yp

e 
of

 S
tu

dy
 Producer Gas 

Composition 

CO H2 CH4 

1. 
Fletcher et 
al.(2000) 

N 0.10 0.20 0.01 

E 0.16 0.10 0.01 

2. 
Zainal et al. 

(2001) 

A 0.19 0.21 0.06 

E 0.23 0.15 0.01 

3. 
Jayah et al. 

(2003) 

A 0.18 0.13 0.01 

E 0.19 0.15 0.01 

4. 
Jarungtham
machote et 
al. (2007) 

E 0.19 0.16 0.01 

5. 
Chirstus et 
al. (2015) 

A 0.19 0.14 0.01 

E 0.23 0.16 0.01 

6. 
Murugan et 
al. (2016) 

N 0.24 0.15 0.01 

E 0.23 0.16 0.01 

7. 
Present 
Work 
(2016) 

N 0.23 0.16 0.02 

E 0.22 0.15 0.01 

N – Numerical                         E – Experimental   
A - Analytical 

 

The Experimental (E), Analytical (A) and Numerical 
(N) results given in Table 5 show that the deviations 
of the predicted results are within ± 5%, which might 
be due to some assumptions like homogenous 
property, no heat loss across the wall, chemical 
reactions are faster than the turbulent eddies with no 
slip condition, etc. used in this simulation. Thus, the 
validity of the present approach has been proved. 

5.2   Angle of Nozzle and its Performance  

The species concentration of the producer gas for 
different inclinations is given in Fig. 4. It is observed 
that at the nozzle angle of 45°, the velocity 
distribution is uniform throughout the volume, and 
therefore the major reactions required to form the 
better composition of combustible gases are highly 
possible. The figure shows that the composition of 
CO is 23% at this angle which is due to high 
conversion of CO2 to CO and the limited supply 
oxygen to the combustion zone. The species 
concentration of H2 is normally influenced by water-
gas shift reactions. When the nozzle angle is 45° the 
potential of water-gas shift reactions is high because 
of the uniform distribution of the reacting 
compounds in the reduction zone, and the maximum 

composition of H2 observed is 17%. Moreover, this 
high percentage is also due to the limited supply of 
O2 which reduces the H2O conversion in the 
combustion zone. The methane generation is 
uniform for all the nozzle angles which may be due 
to the stable methane reforming reaction, and the 
composition, observed are similar to the results 
reported in the previous studies (Fletcher et al. 
(2000)). The air flow rate is an important input 
parameter for the control of N2 in the gasifier. All the 
N2 sent to the gasifier may not be available in the 
producer gas, and this is due to the formation of NOx 
inside the gasifier, and it is seen that the different 
nozzle angles have more or less the same amount of 
N2 in the output region, which is on par with the 
results reported in the literature (Jayah et al. (2003)). 
Experiments have been conducted for 20° and 45° 
nozzle angles, and the results show that the predicted 
values are close to the experimental results at 45° 
nozzle angle.  
 

 
Fig. 4. Producer gas composition for different air 

nozzle inclination. 

 
Further increase of nozzle angle above 45° decreases 
the combustible gas composition of the producer gas. 

5.3 Position of Nozzle and its Performance 

From the observed results, it is predicted that 45° 
nozzle inclination is suitable for the imbert type 
downdraft biomass gasifier. Hence keeping the 45° 
inclination as constant, the nozzle position is varied 
from 50mm - 200mm above the length of the 
reduction zone. From the results shown in Fig. 5, it 
is predicted that the nozzle position at a height of 
100mm above the reduction zone yields better gas 
concentration when compared with the other air 
nozzle positions. At 100mm position, the air nozzle 
lies on the middle of the combustion zone, and the 
length of the reduction zone is more than 1000mm 
and yields more producer gas concentration due to 
high temperature at the entry of the reduction zone. 
The water-gas shift reactions and methane reforming 
reactions are maximum at 100mm position and this 
reduces the formation from CO to CO2.  

The change in nozzle position either disturbs the 
length of the reduction zone or maintains the 
temperature in the pyrolysis zone. The insufficient 
length of reduction zone could not complete the 
reactions in the reduction zone which leads to low 
composition of combustible gases in the producer 
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gas. If the combustion zone is shifted towards the 
drying zone by moving the nozzle, the pyrolysis 
reaction potential is reduced and also the thermal 
energy required in the reduction zone may not be 
supplied with appropriate temperature to carry out 
the endothermic reactions. 

Experiments were also conducted for each nozzle 
position, and the gas samples are tested through gas 
chromatograph (NUCON 5765). The variations in 
gas composition observed from the experiments are 
similar to the predicted results. This proves that the 
length of the reduction zone plays an active role in 
the design of downdraft biomass gasifier. 

 

 
Fig. 5. Producer gas composition for different 

nozzle position. 
 

 
Fig. 6. Higher heating value for different nozzle 

position. 
 

5.4   Higher Heating Value 

The main components which are responsible for the 
higher heating value of the producer gas are carbon 
monoxide, hydrogen and methane. When the nozzle 
position is 100 mm above the reduction zone, the 
maximum Higher Heating Value (HHV) of 6.5 
MJ/Nm3 is observed and further change in position 
decreases the HHV. This is due to the presence of the 
inert gas nitrogen and moisture in feedstock. When 
the nozzle is shifted towards the drying zone, due to 
lack of reactions at pyrolysis and reduction zones, the 
combustible gas composition is reduced which leads 
to lower heating value of the producer gas at nozzle 
position above 100 mm. The numerical results 
plotted in Fig. 6 also show that the values are close 
to the experimental observation. Therefore, the 

nozzle exit at 100mm above the reduction zone with 
an inclination of 45° has been identified as the best 
arrangement of air nozzle. 

5.5   Temperature Distribution 

Figure 7 shows the variation of average temperature 
along the various zones of the downdraft biomass 
gasifier with nozzle arrangement of 45° inclination 
and position at 100 mm above the reduction zone.  

 
Fig. 7. Temperature distribution for 45° nozzle 

inclination and 100 mm nozzle position. 

 
The temperature of the combustion zone varies from 
820°C to 1197°C when the drying zone is close to 
600°C. The maximum temperature is achieved by the 
combustion zone due to the release of heat from the 
burnt products. The gas leaving through the gas 
outlet shows 275°C.When the air flow rate is further 
increased, the mass flow rate of N2 increases which 
reduces the temperature of the combustion and 
reduction zones. This reduction in temperature 
affects the potential of the reduction zone reactions. 
Therefore, a proper temperature distribution is 
needed throughout the gasifier for a better efficiency. 
Since the temperature distribution shown in Fig. 7. is 
close to the suitable temperature needed for optimum 
performance of the gasifier (Chirstus et al. (2014b)), 
the proposed numerical approach is validated.  

6. CONCLUSION  

The influence of the position and the inclination of 
air nozzle on the performance of a 50kWth biomass 
gasifier has been studied, and the results obtained 
from CFD analysis and experimental observations 
for the feedstock rubber seed kernel shell leads to the 
following conclusions. 

 The k-ε RNG model can be used to simulate the 
biomass gasification in a downdraft gasifier. 

 Among the different nozzle inclinations studied, 
the optimum species concentration of the 
producer gas is obtained at 45°. It is also 
observed that the nozzle inclination is having a 
greater impact on the performance of the gasifier. 
Lower the inclination angle of air nozzle gives 
poor quality of producer gas. 

 The higher heating value of the producer gas 
obtained from simulation is ranging from 5 to 6 
MJ/Nm3 for an equivalence ratio of 0.25. It is 
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also observed that the HHV is maximum when 
the nozzle position is kept at 100mm above the 
reduction zone. 

 The temperature profile obtained from both 
experimental and numerical results shows a 
similar trend. 

 The concentrations of CO, CO2, H2, CH4 and N2 
in the producer gas predicted from the numerical 
study are 23%, 11%, 14%, 2% and 45% 
respectively. These values are close to the 
experimental results which prove the validity of 
the numerical approach used in the study. 
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